Alterations in the sperm histone-retained epigenome are associated with unexplained male factor infertility and poor blastocyst development in donor oocyte IVF cycles.
Is there a distinct sperm histone-retained epigenetic signature in unexplained male factor infertility patients resulting in compromised blastocyst development? Using only donor oocyte IVF cycles, sperm DNA methylation patterns and miRNA profiles were significantly altered in normozoospermic patients resulting in poor blastocyst development, reflecting a subset of unexplained male factor infertility. Aberrant sperm DNA methylation has been associated with known male factor infertility, particularly noted in oligozoospermic patients. Unexplained male factor infertility remains a significant proportion of in vitro fertilization failures having unknown underlying physiology. Sperm samples (n = 40) and blastocysts (n = 48) were obtained during fertile donor oocyte IVF cycles with normozoospermic parameters, thereby excluding known female and male infertility factors. Samples were divided into two groups based on blastocyst development (Good Group = ≥20% embryos with D5 grade 'AA' blastocysts, and ≥60% embryos of transferable quality on D5 and D6; Poor Group = ≤10% embryos with D5 grade 'AA' blastocysts, and ≤40% embryos of transferable quality on D5 and D6). Samples were obtained from patients undergoing IVF treatments with informed consent and institutional review board approval. The Infinium HumanMethylation450 BeadChip microarray was used to identify histone-retained CpG island genes and genomic regions showing differences in sperm DNA methylation between the Good Group and the Poor Group. Pathway and gene network analysis for the significantly altered genes was performed, and targeted DNA methylation validation was completed for 23 genes and two imprinting control regions. Sperm miRNA profiles were assessed using the TaqMan® Human MicroRNA Array Card, with corresponding blastocyst mRNA gene expression examined by qRT-PCR. Our study is the first to investigate unexplained male factor infertility while significantly eliminating confounding female factors from our sample population by using only young fertile donor oocytes. We identified 1634 CpG sites located at retained histone CpG island regions that had significant sperm DNA methylation differentials between the two embryogenesis groups (P < 0.05). A largely hypermethylated profile was evident in the Good Group, with a small but distinct and statistically significant shift (P < 0.05) observed in the Poor Group. Genes involved in embryonic development were highly represented among histone-retained CpG sites with decreased methylation in the Poor Group (P < 0.05). Ten significantly altered sperm miRNAs (P < 0.05), correlated with altered target gene mRNA expression in the blastocysts from the Poor Group (P < 0.05). Taken together, significantly impacted sperm miRNA and target transcript levels in blastocysts from the Poor Group may contribute alongside aberrant sperm DNA methylation to the compromised blastocyst development observed. Our examination of CpG island regions restricted to retained histones represents only a small part of the sperm epigenome. The results observed are descriptive and further studies are needed to elucidate the functional effects of differential sperm DNA methylation on unexplained male factor infertility and blastocyst development. Slight epigenetic changes in sperm may have a cumulative effect on fertility and embryonic developmental competence. Knowledge of sperm epigenetics and inheritance has important implications for future generations, while providing evidence for potential causes of unexplained male factor infertility. No external funding was used for this study. None of the authors have any competing interest.